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INTRODUCTION 


With certain diplopod species belonging to the families Julidae 
and Blanjulidae, the morphology of the male external genitalia 
does not necessarily remain constant after completion of anamor- 
phosis. Some of the adult males alter periodically into non-copula- 
tory forms and after some months change back again into fully 
reproductive males. The non-copulatory males with reduced geni- 
talia were called schalt males by VERHOEFF, who also coined the 
term pericdomorphosis to cover the postembryonic metamor- 
phoses of diplopod males (for literature, see HALKKA, 1958). 

During the last years of her life my wife, Dr. Ritva HALKKA, 
continued her studies on the reproductive biology of diplopods. 
specifically the Julid Schizophyllum sabulosum. Her studies on 
the life history of this species (HALKKA, op. cit.) were based on 
field and reared material consisting of more than 11,000 specimens. 
In this large sample, scores of aberrant males not classifiable as 


EV SUISSE DE ZooL., T. 73, 1966 2) 


268 R. HALKKA AND O. HALKKA 


either normal or schalt forms were found. About 30 of these showed 
female characteristics to such a degree that they had to be regarded 
as intersexes. 

At the time of her death in June, 1961, my wife had drawn 
figures of the genitalia of all the aberrant individuals and completed 
a histological analysis of some of them. A large body of literature 
with hundreds of citations was also collected, but only fragments 
of a manuscript were in a nearly finished condition. Although 
already strained by her illness, my wife was able to discuss the me- 
chanisms underlying intersexuality with Professor SEILER during 
his visit to Finland im May, 1961. 

The following analysis of intersexuahty and periodomorphosis 
would be far more thorough if my wife had been able to complete 
it. I have chosen to concentrate on some few theoretically interest- 
ing aspects of the problem, and thus only two of the best analysed 
intersexual specimens are fully described. The study 1s published 
in the hope that the material presented will convey well enough 
the information included in the strange combination of inter- 
sexuality with periodic moulting from one type of male into another. 


MATERIAL AND METHODS 


The specimens used for this study were collected in the years 
1953-1958 at the Tvärminne Zoological Station about 100 km south- 
west of Helsinki on the coast. of the Gulf of Finland. Chitinous parts 
such as legs and external genitalia were embedded in « Euparal ». 

The histological part of the analysis was performed on sec- 
tions 15 miera thick. The specimens were fixed in Carnoy's or 
in the Bouin-Allen-Bauer mixture, and stained by the Feulgen 
procedure. 


DESCRIPTION OF THE INTERSEXUAL SPECIMENS 


1. The morphology of the legs and gonopods in the Diplopoda 


The first leg pair is a normal walking leg in larval males and 
adult females. In adult copulatory males this leg pair has a peculiar 
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faleate form, while in schalt males it is intermediary between a 
walking and a falcate leg. , 

The second leg pair 1s a normal walking leg in all types of 
individuals except copulatory males, in which it bears a swelling 
on the tibia. 

Behind the second pair of legs there are the paired penes in 
both copulatory and schalt males, although in the schalt males 
they are more or less rudimentary in shape. In the females, the 
cyphopods are situated in the place occupied by the penes in 
the males. 

The penes are not involved in the copulatory act but serve to 
transfer the sperm into the reservoirs of the gonopods, situated 
on the seventh segment of the male. The paired gonopods bear in 
the copulatorv males long, thin, chitinous sperm outlets, adapted 
to transfer the sperm into the vulvae of the cyphopod segment of 
a female. 


2. Description of two gynandromorphs 


In the total material of 28 specimens, there are several intersexes 
with preponderantly male characteristics, as well as others tending 
towards femaleness. For a more detailed description, two specimens 
were chosen. An ovotestis was found in both these specimens. 

Intersex number 4 has a paired organ, one half of which resem- 
bles a cyphopod, the other half being suggestive of a poorly 
developed penis (figs. 4 and 5). The gonopods (fig. 3) and the second 
(fig. 2) as well as the first (fig. 1) pairs of legs are like those of a 
normal copulatory male. In spite of the maleness of the secondary 
sexual characteristics. eggs were found amidst testis tissue in the 
histological sections prepared (fig. 10). 

Both the first (fig. 6) and the second (fig. 7) pairs of legs of 
intersex number 23 are like those of a female or a larval male. 
The gonopods of this specimen (fig. 8) resemble those of a larval 
or a schalt male. In the place normally occupied by the paired 
penes, small, deformed and rather undifferentiated structures 
(fig. 9) are found. The gonad of this intersex is a mosaic of male and 
female parts (figs. 11 and 12). Some of the male parts are able 
to produce ripe sperm (fig. 11) while others degenerate, forming 
a mass which in fixed condition has a fibrous texture (fig. 12). 
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Frcs. 1-5. 


S. sabulosum, intersex number 4. In this intersex, the first leg pair is falcate (1), 
the second leg pair bears a swelling on the tibia (2), the left gonopod is of 
the copulatory type (3), and the genitalia are asymmetric, with a cyphopod (4) 
on the one, a penis (5) on the other side. 
Magnification 125 x. 
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The female parts exist mostly in the form of independent ovarioles 
(fig. 12) but sometimes single eggs are found amidst testis tissue 
(fig. 11). 





Fics. 6-9. 


S. sabulosum, intersex number 23. The first (6) and second (7) leg pairs 
are almost normal walking legs. The gonopods (8) and the external 
genitalia (9) are rudimentary. 

Magnification 125 x. 


3. The range of variation in the secondary sexual characteristics 


In Table 1, a description of the secondary sexual characteristics 
of each of the 28 specimens is followed by a number, the purpose 
of which is to give a measure of the maleness or femaleness of the 
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Fics. 40-12. 


S. sabulosum. In intersex number 4, eggs are found amidst testis tissue (10). 
The same is true of intersex number 23, which also forms ripe sperm (11), 
although some parts of the testis degenerate (12). 

Magnification 450 x . 
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specimen. The higher the sum of these numbers, the closer is the 
specimen in question to a normal female individual. The key given 
below shows that the lowest value for this « sexual index» is 4 
(normal male), the highest being 16 (normal female). 


Key to Table 1 
A B C D 


IST LEG PAIR 2ND LEG PAIR PENES/CYPHOPODS GONOPODS 


falcate (1) with normal normal copu- 
swelling (1) penes (1) latory type (1) 
intermediate no swelling (2) abnormal abnormal 
between copu- penes with copulatory 
latory and a common type (2) 
schalt legs (2) trunk (2) 
schalt (3) separate schalt type or 
abnormal penes differentiated 
or one penis juvenile 
and one type (3) 
cyphopodlike 
structure (3) 
walking leg (4) almost normal hardly 
cyphopods (4) differentiated 
juvenile 
type (4) 
normal normal 


cyphopods (5) legs (5) 


The first pair of legs 


A scrutiny of Table 1 shows that if the first leg pair is of the 
falcate type, there is invariably a swelling on the tibia of the 
second leg pair. The degree of differentiation of the gonopods is 
also fairly highly correlated with that of the first leg pair: if the 
first pair is falcate, the gonopods are usually of the normal copula- 
tory type. This correlation is not absolute, however, since the gono- 
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pods may also be abnormal (cases 1 and 7) or even belong to the 
slightly differentiated juvenile type (cases 6 and 18). 


TABLE 1. The 28 specimens 


No. A+ B 4- C 4 D= total 

2 4+4+2+1= 5 

11 4+144+2+1= 5 

25 1--14-2-2-1— 5 

1 4+414+2+2= 6 

A 1--1--3--1-— 6 

16 1 +143 +1= 6 

290 1+1+3+1—= 6 

21 4+14+3+1= 6 

24 1--12-3--1— 6 

7 1+414+342= 7 

6 4+14+4+4= 10 

18 4+44444= 10—2--14-^4- 3 — 10 
19 9+1+3+2— 8 

8 2+-+3+2— Bord 
5 2+L1+3+ 4= 10 

10 2 +- + 4+ 5 — 12 or 13 
26 3 + 2 + 2+ 3= 10 

27 3+92+2+3— 10 

28 3+2+2+3= 10 

30 3 FT 22 WE Si BL 

22 3-4 -+ 3+ 3= 10 or 11 
9 A + 2 4+ 2-4 2 = 10 

23 A + 2 + 2+ 3 = 11 

3 4+24+34+3= 12 

29 4+2 +3+4+4= 13 

12 44+2+44+3= 13 

15 4 + 2 + 4+ 3 — 13 

44 MAEL O T aA me 14 


In case 18, two sets of sexual indices are given. The second set 
of sexual partial indices expresses the situation prevailing after 
the adult individual had moulted into another adult form. In this 
moult, the degree of differentiation of the first leg pair has 
decreased. 


The second pair of legs 


In preparing the penes or cyphopods for inspection, the second 
leg pair was apt to be injured or even destroyed. This accident 
happened in three cases (numbers 8, 10 and 22). Of the remaining 
25 intersexes, 13 bear the masculine swelling on their tibiae. The 
general sexual index correlates negatively with the presence of 
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this swelling: when it is present, the general index is often as low 
as 5 or 6. General indices as high as 11 or higher are found in combi- 
nation with the absence of this swelling. The only overlaps are 
provided by cases 6 and 19, in which a general index as high as 
10 is observed together with swellings on the tibiae. 


The penes and/or the cyphopods 


The structure of the chitinous organ behind the second leg 
pair is often rudimentary and so imperfect that it is not easy 
to trace homologies between them and the fully developed organs 
of the two sexes. Abnormal development of these sexual organs 
was considered a criterion of intersexuality, and thus in the third 
column no other partial indices than 2, 3 or 4 are found. In this 
column, indices 2 and 3 are not correlated with any particular 
stage of differentiation in the other three columns. However, 
if this segment bears structures simulating normal cyphopods 
(partial index 4), the general sexual index is never lower than 12 
(cases 10, 12, 14 and 15). Although the first leg pair changed 
towards maleness in the moulting of specimen number 5, almost 
normal cyphopods were found both before and after moulting in 
the sexually differentiated segment. 


The gonopods 


Since the gonopods are the actual copulatory organs of the 
male, their degree of differentiation is a direct measure of the 
potential ability of the specimen to copulate with a female. The 
gonopods (fourth column of Table 1) show the full spectrum of 
differentiation from pure maleness to pure femaleness. For this 
reason the partial index of the gonopods has a strong influence 
on the value of the general sexual index. The stage of differentiation 
of the gonopods is more or less clearly correlated with the maleness 
or femaleness of the other secondary sexual characteristics, and 
such correlations have been directly or indirectly discussed in the 
preceding chapters. In specimen 18, in place of almost normal 
walking legs, structures simulating schalt gonopods were found 
after moulting. This change may be said to have been from fema- 
leness towards the schalt type, while the first pair of legs changed 
from maleness towards schalt. 
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DISCUSSION 


For two reasons, Schizophyllum sabulosum, as well as certain 
other Diplopod species, is a particularly favourable object for 
studies on sexual differentiation. Firstly, four structures (see key 
for Table 1) indicative of sexual differentiation exist, and secondly, 
in the males there occurs a periodomorphotic variation in the 
secondary sexual characteristics. 

Specimens with anomalous secondary sexual characters have 
been encountered repeatedly during the history of Diplopod 
research. Thus BiGLER (1920) described a predominantly female 
“gynandromorph " in Ophyjulus fallax. Among his literature 
references two similar earlier cases are included: the observations 
by BRÔLEMANN on Aphelidesmus hermaphroditus in 1898 and by 
VERHOEFF on Tachypodojulus albipes in 1910. Since the publication 
of these pioneering works, new reports on anomalous, hermaphro- 
dite or gynandromorph Diplopoda have been numerous, but the 
difficulty of evaluating the sexual differentiation of these alien 
species in comparison with A. sabulosum deters the present author 
(O. H.) from going into the details of diplopodology. 

Knowing that the present report suffers from this restriction 
of its sphere, the present author has chosen to confine discussion 
to the bearing of the Schizophyllum case on the general problem 
of sex determination. Since most of the 28 intersexes described 
in the present paper were studied from material stored in 70% 
alcohol without previous fixation, the state of the gonads was only 
ascertained in 6 specimens. The secondary sexual characters of 
one of these specimens (case number 31) were so atypical that 
the inclusion of this specimen in the species S. sabulosum was 
considered questionable. The remaining five cases, numbers 1, 
4, 5, 7 and 23, all showed both female and male characteristics 
in their gonadal structure. The most intimate mosaies of female 
and male cells were found in specimens 4 and 23 (figs. 10-12). The 
appearance of these gonads very closely resembles the histology 
of the intersex gonads of Solenobia triquetrella, studied by SEILER 
(1964 and earlier) and his coworkers. However, while the testes of 
Schizophyllum look mostly wholly normal and are able to produce 
ripe sperm in the intersexes, considerable patches of the testis 
tissue have a fibrous texture in the fixed condition (fig. 12). Without 
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doubt, such parts of the gonad are nonfunctional in the sense of 
germ cell production. | 

In the Schizophyllum intersex number 23, the spermiducts were 
present and filled with ripe sperm (fig. 11). The beginnings of 
oviducts were also observed in the sections, but in the absence of 
histological reconstructions neither type of gonoducts was followed 
down to the outlets. However, sporadic eggs amidst testis tissue 
seem effectively isolated from any outlet. Some of the intersexes 
not histologically studied showed ducts ending in paired genitalia, 
one half of which had the appearance of an imperfectly formed 
penis, the other of a similarly deformed cyphopod (e.g. case 11). 
Probably the majority of the intersexes with at least partly separate 
ovaries and testes have fully functional gonoducts. 

The presence of a mosaic gonad structure in Schizophyllum, 
and particularly the fact that the female and male parts are 
phenologically at roughly corresponding stages, conforms to the 
rule recapitulated by SEILER in his paper of 1964 (p. 200). 

The pairedness of the secondary sexual organs, especially the 
penes, confers on studies of Diplopods the advantage of a doubly 
sensitive analysis of sexual differentiation. The penes of a normal 
adult male have a common trunk portion, but the cyphopods 
of an adult female are separate. In the intersexes, the genitalia 
are Joined by a common trunk in cases 1, 2, 9, 11, 23, 25-28 and 30, 
while in the other specimens these organs are free and separate. 
Although the interpretation of the structure of an incompletely 
developed penis or cyphopod is by no means easy, it seems evident 
that pairs of genitalia of opposite sexual types exist. According 
to the first author (R. H.), at least in cases 4, 8, 11, 16, 19, 20, 
25 and 26 one of the two formations resembles a rudimentary penis, 
the other being like a more or less fully differentiated cyphopod. 
This situation may be interpreted as proof of the simultaneous 
effectiveness of the M and F factors during cuticle development. 

The existence of the actual copulatory organs, the gonopods, 
lends a further dimension to the analysis of the male secondary 
sexual characters. The alternation of the “copulatory” and 
“ schalt " phenotypes during the life of an adult male individual 
is obviously a faculty deeply rooted in the genic system of Schizo- 
phyllum. 'The presence of schalt-type secondary sexual characte- 
ristics in many of the intersexes and the change to schalt features 
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in specimen number 18 after moulting, show that the copulatory— 
schalt transformations occur undiminished in spite of a change 
in the general hormonal environment. Thus, within the male 
sex, the degree of differentiation of the secondary sexual charac- 
teristics may change during adult development. 

Comparative studies on gonad activity in copulatory and schalt 
males of Schizophyllum have shown that active spermatogenesis 
occurs in both forms (HALKKA, 1958). Similar results have been 
obtained with the Decapod crab Cambarus, the males of which 
can also exist in two forms, only one of these (“ form 1 ") having 
functional gonopods. In the crustaceans, the principle of neuro- 
secretory regulation of gonadal activity has been fruitfully explored 
(e.g. IWAKURA, 1959), a field of study so far untried in the Diplopoda 
(see also CHARNIAUX-CoTTON, 1962; LEGRAND and JUCHAULT, 1963). 

Although not all the gonads of the specimens included in 
Table 1 have been studied, it seems plausible to assume that at 
least many of them are true intersexes, not gynandromorphs. 
Solenobia intersexes and Drosophila gynandromorphs analysed down 
to the most minute details have shown that the inductive systems 
residing in the chromosomes are confined to single cells and are 
largely autonomous within this unit (SEILER, 1951; STERN, 1965). 
The karyotype of S. sabulosum has been studied by BESSIERE (1948) 
and according to him is 2n — 25, the sex chromosome being 
univalent in the male sex. Since the Schizophyllum intersexes were 
not studied cytologically, the chromosomal background of their 
intersexuality remains unknown. The permanence of the copulatory- 
schalt transformations in intersexual specimens indicates that the 
shaping of the external chitinous parts may perhaps depend on 
the prevailing hormonal balance, which, in turn, is controlled by 
a number of regulatory genes. 

Irrespective of the mode of disturbances responsible for shaping 
the external morphology of Schizophyllum intersexes, the field 
still remains open for speculation regarding the factor responsible for 
these disturbances. With the Culicidae, interesting results have been 
obtained in thermal stress experiments (ANDERSON and HORSFALL, 
1964). Since S. sabulosum lives at all seasons of the year in the surface 
strata of the soil, hibernating at depths of 3 to 30 cm in matted 
roots, this species is probably well buffered against thermal stresses, 
but these may nevertheless exert some influence. 
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SUMMARY 


The forms of manifestation of intersexuality were studied in 
the Diplopod Schizophyllum sabulosum. The range of variation 
in the secondary sexual characteristics was ascertained in 28 inter- 
sexual specimens. The gonads of 5 of these specimens were analysed. 

The degrees of sexual differentiation of the first and second leg 
pairs, penes/cyphopods and gonopods were determined. These 
four parts mostly, but not invariably, showed corresponding degrees 
of differentiation. 

One of the intersexes with partial male characteristics moulted 
into another male form. In this moult, the first leg pair changed 
from maleness towards the " schalt " type. The gonopods changed 
from near femaleness towards schalt. Thus, within the male sex, 
the degree of differentiation may change during the adult develop- 
ment of an intersex. 

The gonads of the individuals studied showed a mosaic of 
testis follicles and ovarioles. In two intersexes, eggs were found 
sporadically amidst testis tissue. 

A hypothesis is presented, according to which thermal stresses 
affecting a number of regulatory genes responsible for the main- 
tenance of the general hormonal balance may at least partially 
determine the intersexual character of the Schizophyllum specimens 
studied. 


RESUME 


Les manifestations de l’intersexualité ont été étudiées chez 
le Diplopode Schizophyllum sabulosum. Le degré de variabilité 
des caractères sexuels secondaires a été déterminé chez 28 indi- 
vidus intersexués. Chez cinq d’entre eux les gonades firent l’objet 
d'une analyse cytologique. 

Une classification des degrés de la différenciation sexuelle 
des première et seconde paires de pattes, ainsi que des pénis/ 
cyphopodes et gonopodes a permis de mettre en évidence, dans 
la plupart des cas, une correspondance de cette différenciation pour 
les quatre organes. 

Un individu intersexué, avec caractéres máles partiels, a pré- 
senté à la suite de la mue une autre combinaison de caractéres 
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máles. La premiére paire de pattes à caractéres masculins, ainsi 
que la paire de gonopodes d'un type presque féminin, ont toutes 
deux évolué par la mue vers le type «schalt». Le degré de diffé- 
renciation d'organes déterminés peut donc, chez un individu inter- ` 
sexué, se modifier encore durant le développement imaginal. 

Les gonades des individus intersexués étudiés ont présenté une 
mosaique de parties máles et femelles. Chez deux individus, des 
ceufs isolés ont été observés au milieu de tissu testiculaire. 

Une hypothèse est formulée, selon laquelle l’intersexualité chez 
Schizophyllum sabulosum pourrait dépendre de l'action d'un choc 
thermique affectant certains génes régulateurs du maintien de 
l'équilibre hormonal général. 


ZUSAMMENFASSUNG 


Die Manifestierung der Intersexualität wurde bei dem Diplo- 
poden Schizophyllum sabulosum untersucht. Die Variationsbreite 
der sekundären Geschlechtsmerkmale wurde bei 28 intersexen 
Individuen bestimmt. Von 5 Individuen wurden die Gonaden auch 
zytologisch analysiert. 

Die sexuellen Differenzierungsstufen der ersten und zweiten 
Fusspaare sowie der Penes/Cyphopoden und Gonopoden entsprechen 
sich meistens. 

Bei einem intersexen Individuum wurden die teilweise mànn- 
lichen Merkmale bei einer Häutung der Imago durch eine andere 
männliche Merkmalskombination ersetzt. Das erste, ursprünglich 
männliche Fusspaar sowie das zuerst nahezu weibliche Gono- 
podenpaar wurden nach der Häutung « Schalt »-fórmig. Die Diffe- 
renzierungsstufe bestimmter Organe eines intersexen Individuums 
kann sich demnach noch während der imaginalen Entwicklung 
verändern. 

Die intersexen Gonaden bilden ein Mosaik von Testisfollikeln 
und Ovariolen. Bei zwei Individuen wurden vereinzelte Eier zwi- 
schen Hodengewebe gefunden. 

Möglicherweise ist die Intersexualität bei Schizophyllum sabu- 
losum abhängig von der Einwirkung eines Wärmeschocks auf Gene, 
die das allgemeine hormonale Gleichgewicht bestimmen. 
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